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The present invention relates to solid oxide fuel cells, 
and in particular planar solid oxide fuel cells with elec- 
trode material supported on a support having integrated in 
its structure passageways for distribution of cell reactant 
gases . 

Presently, solid oxide fuel cells (SOFC) are mainly pro- 
duced in two different designs in form of tubular types and 
flat planar types. The different fuel cell designs possess 
a number of advantages and disadvantages such as easy gas 
manifolding and structural reliability which has been dem- 
onstrated for the tubular types, whereas compactness and 
potential reduction of materials involved are the main ad- 
vantages of the flat planar design. Very low voltage losses 
due to low area specific internal resistance can be ob- 
tained with the flat planar cell is stacked. 

Recent development of thin supported electrolytes for the 
flat planar cell type in connection with improved electrode 
performance allows to lower the operation temperature from 
previously required 1000°C operation temperature, which was 
typical for self -supported electrolyte cells, to a opera- 
tion temperature of about 800 °C without any reduction in 
overall cell performance measured as area specific electri- 
cal power. Reduction of operation temperature makes it pos- 
sible to use metallic bi-polar separation plates between 
the cells. Furthermore, metallic construction materials for 
the manifolds and heat exchangers leading to improved sys- 
tem reliability and reduced system price can be introduced. 
Examples of SOFC with thin electrolytes supported by the 
anode or cathode of the cells are disclosed in the litera- 
ture (cf. Advances in the Anode Supported Planar SOFC Tech- 



nology; H.P. Buchkremer et al., Electrochemical Proceed- 
ings, Vol. 97-18 (1997); Thin Anode Supported SOFC; S. 
Primdahl et al., Electrochemical Society Proceedings, Vol. 
99-19 (1999) ; and, Advances in Tubular Solid Oxide Fuel 
Cell Technology; S.C. Singhal, Electrochemical Society Pro- 
ceedings, Vol. 95-1 (1995)). Especially, the anode- 
supported thin electrolyte flat plate cell design has some 
important advantages including low contact resistance be- 
tween the electrolyte and the anode in addition to simpli- 
fied and cheaper manufacturing methods based on co-firing 
of cell components. 

The anode structure is usually produced by tape casting a 
mixture of NiO and zirconia powder with a layer thickness 
of about 0.1 to 1 mm. A thin electrolyte layer is applied 
for on this anode support layer by spray moulding, dip 
moulding, layer casting or electrophoretic deposition. The 
thickness of the thin electrode is typically 10-50 ]xm. Dur- 
ing the final firing of the thus obtained multi-layer 
structure, the anode layer becomes porous with an open po- 
rosity in the range of 30-60%, whereas the electrolyte 
layer densities to a gas-tight material, while a three- 
phase boundary (anode-electrolyte-porosity) is established 
in which the anode electro catalytic reaction takes place. 
Reaction rate of electrode reactions is limited by trans- 
port of fuel gas and gaseous reaction products through the 
porous anode structure. The characteristics of the three- 
phase boundary and the anode porosity therefore take part 
in the total voltage polarisation of the cell. One solution 
to this problem is to subdivide the anode into a thin ac- 
tive anode layer with a typical thickness of 1-50 jam and an 
anode support and current collecting layer with a typical 
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thickness of 50-1000 \im, basically consisting of the same 
mixture of NiO and zirconia. However, this configuration 
still fails to fulfil a required effective gas supply 
through the porous open structure together with a highly 
mechanically stable support for the electrolyte layer. Fur- 
thermore, problems with effective mechanical and electrical 
contact between the porous anode support layer and the bi- 
polar plates containing the anode gas supply channels still 
remain to be solved. A number of attempts have been made in 
the past to improve electrical contact by application of 
nickel felt in between the anode support layer and the me- 
tallic bi-polar plate. Gas supply channels may be formed by 
machining grooves into the solid metallic bi-polar plate. 
The above solutions are expensive and not useful in commer- 
cial use of SOFC technology. 

In general, this invention is an improved SOFC, which inte- 
grates the gas supply channels with the cell support and 
the anode layer. Furthermore, the inventive SOFC makes it 
possible to produce large cell areas based on cheap manu- 
facturing and materials. 

A specific embodiment of a support element of the SOFC ac- 
cording to the invention is shown in Fig. 1. The shown SOFC 
consists of a porous flat plate 2 containing a number of 
channels running perpendicular to a cross section of the 
plate being surrounded on all longitudinal sides by porous 
walls. The plate's length, width and thickness define the 
dimension of the flat plate element, where the length is 
larger than or equal to the width, and the width is larger 
than or equal to the thickness. The cross section area of 
the element is defined by the width and the thickness, 
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whereas the planar area is defined by the length and the 
width. The channels are running parallel to the length of 
the element. On one of the planar sides of the porous ele- 
ments, anode layer 8 is deposited as a thin porous layer. 
5 The opposite planar side of the porous element is covered 
by a dense layer 10. On top of the porous anode layer a 
thin dense electrolyte layer 12 is deposited. 

In further an embodiment the dense electrolyte layer also 
10 covers the rim 14 of the porous elements or solely the rims 
being parallel with the elongated gas channels. 

Still in an embodiment, the dense electrolyte covers one of 
the planar sides, whereas the rim or part of the rim is gas 
15 impermeable. 

The porous element with its longitudinal internal gas chan- 
nels may be produced by extrusion. The layers deposited on 
the porous element may be produced by deposition methods 
20 like co-extrusion, spray moulding, thermal spraying, dip 
moulding, printing, casting, laminating, electrophoretic 
deposition, precipitation deposition, electro-chemical 
deposition and chemical vapour deposition. 

25 Containing the fuel gas channels while acting as support 

for the anode and the dense electrolyte, the porous element 
is exposed to reducing gas conditions under fuel cell op- 
eration which allows use of material such as ferritic 
stainless steel, nickel based alloys and high chromium al- 

30 loys . Based on such metallic materials, the porous element 
obtains substantially improved mechanical properties and 
high thermal conductivity ensuring high performance of the 
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fuel cell system, even when large cell dimensions are real- 
ised. The thin deposited layers, which penetrate a part of 
the porous support element become an integrated part of 
this element and contributes to the high stability and high 
5 cell performance. Due to the dimensional stability and ri- 
gidity of the porous support element, co-firing of the thin 
deposited layers is allowed, and larger thermal expansion 
mismatch between the actual materials is tolerated than in 
the known cell designs. This cell concept improves the 

10 thermal cycling and red-ox stability of the anode and anode 
current collection layers, since the amount of total nickel 
content in these layers has been reduced significantly in 
comparison with known anode-supported SOFC. Furthermore, 
tight mechanical and physical contact between the different 

15 layers may be maintained during thermal cycling and red-ox 
cycling . 

Interpenetrating of the thin deposited layers on the anode 
side of the porous support element as well as on the oppo- 

20 site cathode side is decisive for a sufficient electrical 
and mechanical contact at the interplanes. This is in par- 
ticular important during thermal cycling of the cell stack 
and under internal reforming conditions, where large ther- 
momechanical stresses can be tolerated by the porous plate- 

25 supported solid oxide fuel cell. The thin dense layer on 
the cathode side of the porous plate element protects the 
porous metallic material from oxidation and separates the 
anode gas from the cathode gas. 

30 The dense layer may be based on mixed oxide ceramic materi- 
als, which then penetrate into the surface pores of the po- 
rous plate element and form an integrated composite inter- 
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phase structure. Expansion and cracking of these types of 
ceramic materials, which appear in the traditional thick 
plate and ceramic bi-polar plates of the known SOFC, are 
thus eliminated. Furthermore, an effective electrical con- 
5 tact between the anode current collection layer and the 
cathode current collection layer is established in the 
mixed ceramic metallic interphase structure. 

The pores in the porous support element may be impregnated 
10 with a catalyst for internal reforming or internal partial 
oxidation of carbonaceous fuel gasses. 

Gasses being introduced into the fuel cell electrodes may 
contain particles contained in the feed gas or from the 
15 fuel processing system. It is well known that cell perform- 
ance degrades over time when particulate impurities are de- 
posited at the electrode surfaces during cell operation. 

A further advantage of the inventive fuel cell is that the 
20 porous plate with its internal gas channels has the func- 
tion of a particulate trap or filter preventing particulate 
matter from entering the electrode area, where the elec- 
trode reaction takes place. 

25 The fuel cell of the invention is therefor particularly 
useful in operation with feed gases containing dust or 
other particulate matter. 

Owing the metallic nature of the porous support element 
30 bonding methods such as soldering and welding can be used 

to manifold the elements or to connect a number of elements 
in order to make larger cell structures. The planar geome- 
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try of the porous support element with its deposited thin 
anode and electrolyte layer and cathode barrier layer en- 
ables this structural element to be repeated, sequentially 
forming a layered fuel cell stack with minimal internal 
electrical resistance and maximal structural stability. 

The thickness of each porous support plate element is typi- 
cally in the range from 2 mm to 30 mm, preferably, from 4 
mm to 6 mm, the gas channels in the porous support plate 
elements have cross sectional areas from 0.5 mm 2 to 1000 
mm 2 , preferably from 2 mm 2 to 20 mm 2 . The porosity of the 
porous support plate element is from 20 vol% to 90 vol%, 
preferably, 30 vol% to 70 vol%. The mean pore size of the 
porous support plate element is in the range from 0.1 jam to 
500 |um, preferably, from 1 jam to 50 jam. 

Example 1 

Ferritic stainless steel with powder, the composition 
Fe22Cr and a mean powder particle size of 100 jam are mixed 
in a pug mill with 6 vol% methylcellulose and 44 vol% water 
followed by extrusion of the paste into a long planar ele- 
ment with the cross-sectional dimension 5x150 mm and with 
37 internal longitudinal channels with the cross-sectional 
dimension 3x3 mm 2 . Each gas channel is surrounded by longi- 
tudinal walls with a wall thickness of 1 mm. The thus ob- 
tained extruded profiles are cut into lengths of 300 mm in 
the green stage followed by drying to remove the water con- 
tent . 

The dried porous plates are spray-painted on one planar 
surface with a stabilised slurry consisting of a mixture of 
NiO powder and zirconia powder doped with 8 mole% yttria in 
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an organic solvent suitable for use in traditional spray 
painting equipment. The layer is deposited in an even layer 
thickness of 10 |am and dried. A further layer consisting of 
pure fine-grained, well-dispersed suspension of zirconia 
doped with 8 mole% yttria is then spray-painted on the 
first layer in an even thickness of 5 pin. 

The opposite planar surface of the porous support plate 
element is spray-painted with a well-dispersed powder sus- 
pension containing fine powder of lanthanum chromite doped 
with strontium and nickel. The layer thickness of this 
layer is 5 jjm. After drying the spray procedures is re- 
peated one more time. 

Finally, the coated element is sintered in hydrogen atmos- 
phere at 1250°C. 



